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57 ABSTRACT 

A switch circuit arrangement, wherein a plurality of 
switch means each comprising paired display lamp and 
self-restore type switch contact are provided, and a 
control circuit is also provided in association with said 
switch means. By actuating any one of the switches, a 
display lamp paired therewith is lit, and at the same 
time, a control signal is derived from a detector circuit 
including IPL element. The control signal thus derived 
is passed to a controlled device, whereby the display 
lamp is lit and maintained in the lit state. 

4 Claims, 7 Drawing Figures 
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SWITCH CRCUIT ARRANGEMENT 

BACKGROUND OF THE INVENTION 

The present invention relates to a switch circuit ar 
rangement which may be employed for the purpose of 
controlling audio equipment, digital apparatus or the 
like, and more particularly it pertains to such a switch 
circuit arrangement wherein a switch contact and dis 
play lamp are paired with each other, and a control 
signal resulting from actuation of the switch is passed to 
a controlled device, and at the same time the display 
lamp is lit and maintained in the lit state. 

Recently, in the field of audio equipment, digital 
apparatus or the like, such an arrangement that switch 
means each incorporating a switch contact and display 
lamp are arranged in a control panel, has extensively 
been employed. With such an arrangement, however, it 
is required that such switch means be able to perform 
the function of providing a control signal when it is 
opened and closed and the function of lighting and 
maintaining the display lamp in the lit state. Further 
more, it is also required that such switch circuit ar 

5 

10 

15 

20 

rangement be miniaturized as greatly as possible. To 
this end, the switch circuit arrangement should prefera 
bly be fabricated in the form of a semiconductor inte 
grated circuit. Furthermore, a number of switch circuits 
each comprising a paired display lamp and switch and a 
control circuit for controlling the switch should be able 
to be incorporated in a package having a predetermined 
number of terminal pins. Still furthermore, the switch 
mechanism should comprise a miniaturized and simpli 
fied one which makes it possible to electronically per 
form various switching functions. In such a case, an 
interface is required to transmit a control signal derived 
from mechanical switch contact to a controlled device. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention 

to provide a switch circuit arrangement including 
switch means comprising a display lamp constituted by 
a light emission diode and a self-restore type switch 
contact which are paired with each other; a drive cir 
cuit for the display lamp; a detector circuit for the de 
tecting the opening and closure of the switch; and a 
memory circuit for storing a control signal resulting 
from the opening and closure of the switch, wherein the 
control signal is transmitted to a controlled device and 
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at the same time, the display lamp is thereby turned on. 
Another object of the present invention is to minia 

turize the aforementioned switch circuit arrangement 
by using IL elements and fabricating the arrangement 
in the form of a semiconductor integrated circuit. 
A further object of the present invention is to provide 

a switch circuit arrangement wherein switch means 
comprising a display lamp and switch contact which are 
integrally associated with each other, and a switching 
circuit are connected with each other through a single 
signal line so that they can be connected with each 
other by means of a single terminal pin, thereby making 
it possible to perform the aforementioned various 
switching functions as well as to incorporate a number 
of Switching circuits in a package including predeter 
mined terminal pins. 
A still further object of the present invention is to 

provide a switch circuit arrangement wherein switch 
means comprising a display lamp and self-restore type 
switch contact is mounted on a control panel or the like; 
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2 
by actuating the switch, the lamp is turned on, and a 
control signal is derived from a detector circuit includ 
ing IPL element, the control signal being passed to a 
controlled device and also to a drive circuit, whereby 
the display lamp is maintained in the turned-on state. 
Other objects, features and advantages of the present 

invention will become apparent from the ensuing de 
scription taken in conjunction with the accompanying 
drawings. 
FIG. 1 is a block diagram illustrating a basic form of 

the switch circuit arrangement embodying the present 
invention. 
FIG. 2 is a circuit diagram showing the switch circuit 

arrangement according to an embodiment of the present 
invention. 
FIG. 3(I) is a view illustrating a symbol mark for IL 

element, and FIG. 3(II) is a view showing an equivalent 
circuit thereof. 
FIG. 4 is a timing chart useful for explaining the 

operation of the present switch circuit arrangement. 
FIG. 5 is a view showing the switch circuit arrange 

ment according to another embodiment of the present 
invention. 
FIG. 6 is a view showing a further embodiment 

wherein paired display lamps and switches are arranged 
on a control panel or the like. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring first to FIG. 1, there is shown a switching 
circuit arrangement, which comprises a switch mecha 
nism 1 including switch contacts 11 to 1N of self-restore 
type switches, a display lamp assembly 2 including dis 
play lamps L1 to LN each of which may be constituted 
by a light emission diode, a drive circuit 3 for driving 
the display lamps, and circuits 4 and 5 which are ar 
ranged to provide to a controlled circuit 6 a control 
signal which is obtained when the switch mechanism is 
opened and closed. The circuit 4 is constituted by a 
detector circuit, and the circuit 5 is formed by a mem 
ory circuit for storing the control signal. Indicated at 7 
and 8 are a power source line and ground line, respec 
tively. 
The switch 1, which includes self-restore type 

contacts as mentioned above, is normally in an off state, 
and designed such that it is maintained in an on state 
while the push-button thereof is depressed, and re 
turned to the off state upon release of the depression. 
The basic operation of the present switching circuit 

arrangement will now be described. When the push 
button of any of the switches is depressed, the display 
lamp corresponding to the depressed switch is lit, and at 
the same time, a control signal is passed to the con 
trolled device 6 through the control signal transmission 
circuits 4 and 5. Upon release of the depression, the 
depressed switch is enabled to return to the off state, 
whereas the display lamp remains lit by virtue of the 
fact that the control signal is also provided to the drive 
circuit 6 through the memory circuit 5. 

Referring next to FIG. 2, there is shown the switch 
ing circuit arrangement according to an embodiment of 
the present invention. In this embodiment, a resistor R1, 
light emission diode 2 and switch 1 are connected in 
series between the power source line 7 and the ground 
line 8. Connected in parallel with the switch 1 are tran 
sistors Q11 and Q21 which are connected in a diode-like 
fashion between the ground line 8 and the connection 
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point P between the switch 1 and the light emission 
diode 2. A resistor R12 is connected at one end to the 
point P, with the other end thereof being coupled to 
the base of the transistor Q31 which has the emitter 
thereof connected to the ground line 8 and the collector 
thereof coupled to an input terminal P2 of IPL element 
a1 comprising transistors Q41 and Q51. The transistors 
Q31, Q4 and Q51 constitute the detector circuit 4. The 
transistors Q41 and Q51 represent an equivalent circuit of 
the IPL element. That one of the collectors of the tran 
sistor Q.5 which constitutes the output terminal P3 of 
the IPL element a1, is coupled to an input terminal of an 
RS-flip-flop (F/F) which comprises IPL elements b1 and 
c1. The RS-F/F constituted by the I2L elements b1 and 
c1 forms the memory circuit 5, wherein an output termi 
nal of the 2L element b1 is coupled to the input terminal 
of the 12L element c1; the output terminal of the element 
c1 is connected to the input terminal of the element b1; 
another output terminal P4 of the element b1 is coupled 
to the input terminal ofI2L element d1; an output termi 
nal P5 of the element d1 is connected to the controlled 
device 6; and another output terminal of the element d1 
is connected to the input terminal of a IPL element e1 the 
output terminal of which is coupled to the base of the 
transistor Q21. A current source I is connected at a 
point P6 to the base of the transistor Q21. A terminal fis 
an input terminal for a reset signal, and a terminal g is an 
output terminal which is employed for resetting another 
switch circuit. A symbol mark for the IPL element is 
shown in FIG. 3(I), and an equivalent circuit of the IPL 
element is represented in FIG. 3(II). 
The operation of the embodiment shown in FIG. 2 

will now be described with reference to FIG. 4 which 
shows a timing chart. Waveforms occuring at the points 
P1 to P6 correspond to those shown at P1 to P6 in FIG. 
4, respectively. First of all, when the switch 1 is turned 
off, a small current is flowing in the base of the transis 
tor Q31 through the resistor R11, light emission diode 2 
and resistor R12, and the transistor Q31 is turned on by 
drawing in a collector current from the transistor Q41. 
However, the light emission diode 2 is not activated 
enough to emit light because of the fact that the base 
current of the transistor Q31 is low. At this time, the 
potential at the point P1 is of an H (high) level, whereas 
the potential at the point P2 is of an L (low) level. The 
potentials which occur at the points P3 to P6 initially, 
are as shown in FIG. 4. 
The switch circuit is provided with a reset signal 

from the terminal f of the memory circuit 5, and the 
terminal f is at the H level; thus, the switch circuit is in 
the reset state (FIG. 4f). If it is assumed that the switch 
1 is a push-button type switch, then the switch 1 will be 
turned on by being depressed, so that a current will be 
caused to flow to the light emission diode 2 through the 
resistor R11, whereby the lamp constituted by the light 
emission diode 2 will be lit. The potentials which occur 
at the points P1 to P6 will be described. The potential at 
the point P1 which serves as input terminal for the de 
tector circuit 4 will be reversed from the H level to the 
L level by the switch 1 being turned on (FIG. 4P); the 
potential at the point P2, i.e., the collector electrode of 
the transistor Q31, since the base current thereof is cut 
off, will be reversed from the L level to the H level 
(FIG. 4P2); and the potential at the point P3, i.e., the 
collector of the transistor Q51 (output terminal of the 
detector circuit 4) will be reversed from the H level to 
the L level (FIG. 4P3). The point P4 of the I2L element 
b1 will be reversed from the L level to the H level (FIG. 
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4 
4P4). The potential at the point P4 will be reversed by 
the I2L element d1, and the potential at the point P5 will 
be changed from the H level to the L level so that a 
control signal will be inputted to the controlled device 
6 and an H level signal will be inputted to the base of the 
terminal Q21 through the I2L element e1. When the 
switch 1 is released from the depression of its push-but 
ton, the drive circuit 3 will be activated. Thus, the po 
tential at the point P1 will become equal to the sum of 
the voltage VBE between the base and the emitter of the 
transistors Q11 and Q21 consituting the drive circuit 3 
and the voltage VCE between the collector and the 
emitter thereof, and it will be at the H level high enough 
to turn on the PNP transistor Q31. The potential at the 
collector electrode point P2 of the transistor Q31 will be 
changed from the H level to the L level by virtue of the 
fact that the transistor Q31 is turned on, The output 
terminal g of the detector circuit 4 will be reversed from 
the L level to the H level, while the output terminal P3 
will be maintained at the L level since a potential of the 
H level is applied to the terminal f of the memory circuit 
5 constituted by RS-F/F. In this way, the potential at 
the point P4, i.e., the output terminal of the memory 
circuit 5 will be held at the H level; thus, the potential 
at the output terminal Ps of the I2L element d1 will be 
held at the L level so that a control signal will be contin 
uously transmitted to the controlled device 6. Further 
more, the output terminal P6 of the I2L element e1 will 
be held at the H level to turn on the display lamp 2. 
As shown at fin FIG. 4, when a reset signal of the L 

level is inputted to the terminal f of the memory circuit 
5 formed by RS-F/F, the potential at the output termi 
nal of the I2L element c1 will be reversed to the H level 
so that the potential at the point P3 will be of the H level 
(FIG. 4P3). As a result, the output terminal P4 of the IL 
element b will be reversed from the H level to the L 
level (FIG. 4P4), whereas the potential at the output 
terminal Ps of the 2L element d1 will be reversed from 
the L level to the H level so that the transmission of the 
control signal to the controlled device 6 will be inter 
rupted. Consequently, the output terminal of the IL 
element e1 will now be of the L level so that the drive 
circuit 3 will be urged into a cut-off state, thus resulting 
in the light emission diode 2 being stopped from emit 
ting light. In the case where the “on” resistance of the 
switch 2 is high, it is required that the threshold voltage 
of the drive circuit 3 comprising the transistors Q11 and 
Q21 be made to the high. 
The arrangement according to the embodiment 

shown in FIG. 2 comprises the single switch and dis 
play lamp, and the switch circuit, wherein RS-F/F is 
used as the memory circuit, the arrangement being 
designed such that the display lamp which is lit, is 
turned off by being provided with a reset signal from 
another switch circuit. Referring to FIG. 5, there is 
shown the switch circuit arrangement according to 
another embodiment of the present invention, which is 
designed such that a display lamp is turned on and off 
without being provided with a signal from another 
circuit. 
The arrangement shown in FIG. 5 is different from 

that shown in FIG. 2 in that T-F/F is employed as 
memory circuit. In this embodiment, by depressing the 
push-button of a switch 1, the output terminal P3 of a 
detector circuit 4 is reversed from the H level to the L 
level, whereas by releasing the switch 1 from the de 
pression of its push-button, the potential at the output 
terminal P is reversed from the L level to the H level, 
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A resultant signal will be inputted to a 2L elementh to 
cause the output thereof to be reversed, and the output 
thus reversed will be inputted to a terminal T of T-F/F 
9. Consequently, the potential at a terminal Q of the 
memory circuit comprising T-F/F will be reversed 
from the L level to the H level, so that a control signal 
will be applied to a controlled device 6. Furthermore, 
the potential at the terminal Q will be reversed from the 
H level to the L level so that a potential of the H level 
will be applied to a drive circuit 3 through 2L element 
el, whereby a display lamp 2 will be lit. By depressing 
again the push-button of the switch 1 to input a signal to 
the terminal T of T-F/F thereby releasing the previ 
ously stored state, the potential at the terminal Q of 
T-F/F will be reversed from the H level to the L level, 
while the potential at terminal Q will be reversed from 
the Llevel to the Hlevel. Consequently, the potential at 
the terminal Q will be reversed from the H level to the 
L level by the I2L element e1, so that the drive circuit 3 
will be changed from an active state to an inactive state, 
thus resulting in the display lamp 2 being turned off. In 
this way, according to the embodiment of FIG. 2, the 
display lamp can be turned on and off individually by 
means of the switch. 

Referring to FIG. 6, there is shown a further embodi 
ment wherein a plurality of switch assemblies each 
comprising a switch and display lamp are arrayed in a 
control panel or the like, and a selector circuit is pro 
vided in the switch circuit. According to this embodi 
ment, by lighting one of the display lamps, the remain 
ing display lamps will be turned off, and by lighting one 
of the remaining display lamps, the display lamps which 
are lit, will be turned off. 

In operation, when a display lamp 21 is lit, a control 
signal of the L level will be inputted to the controlled 
device 6, so that the display lamp 2N will be in a lit state. 
At this time, a signal of the H level is being inputted 
from terminal gN of I2L element aw to input terminal fi 
of RS-F/F constituting a memory circuit 51, and even if 
the output of the 12L element a1 is made to be of the H 
level by the output of the memory circuit 5, the output 
of IL elements b1 will be held at the H level. In this 
way, a control signal of the L level will be continuously 
supplied to controlled device 61. By depressing the 
push-button of the switch 1N, however, the display 
lamp 2N will be lit, and a control signal will be inputted 
to the controlled device 6N, At this time, a control 
signal will be provided by the detector circuit 4N, the 
control signal of the L level (reset signal) will be sup 
plied from the terminal gN to the terminal f of RS-F/F; 
the potential at the output terminal P4 of the IPL ele 
ment b1 will thereby be reversed from the H level to the 
L level; and thus the display lamp 2 will be turned off. 
The operation described just above is similar to the 
operation described with reference to FIG. 2. As men 
tioned above, in the embodiment of FIG. 6, a control 
signal of the L level will uninterruptedly be supplied to 
the controlled device 61, so that the display lamp 21 will 
be lit without interruption, until a reset signal is inputted 
from another switch circuit to the terminal f of RS 
F/F. 
As will be appreciated from the foregoing explana 

tion, the switch circuit arrangement embodying the 
present invention is characterized in that when the 
switch is in an off state, a small current is supplied to the 
base of the NPN transistor provided at the input stage 
of IPL element constituting the detector circuit so that 
the NPN transistor is thereby rendered conductive; and 
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6 
the NPN transistor is turned on or off according to 
whether the switch is opened or closed, so that a con 
trol signal is derived from the 2L element and at the 
same time the drive circuit is activated, thereby the 
display lamp is lit and maintained in the lit state. An 
other important advantage of the present switch circuit 
arrangement is such that various switching functions 
can be achieved by virtue of the fact that a memory 
circuit comprising RS-F/F or T-F/F is incorporated. 

Furthermore, according to the present invention, 
when the switch is operated, the display lamp is acti 
wated by the drive circuit, and at the same time the 
detector circuit is reversed by a signal derived from the 
drive circuit, as a result of which a control signal is 
obtained. In this way, the lighting of the display lamp 
comprising a light emission diode and the derivation of 
the control signal can be achieved at the same time, 
Thus, the pair of display lamp and switch and the 
switch circuit can be connected at one terminal to each 
other. With such an arrangement, it is possible to incor 
porate a number of switch circuits in a package, so that 
the switch circuit arrangement can be miniaturized. 

Still furthermore, fabrication of the present switch 
circuit arrangement in the form of a semiconductor 
integrated circuit is facilitated by virtue of the fact that 
it is constituted by a logical circuit comprising IPL ele 
ment and NPN or PNP transistor, which advanta 
geously leads to further miniaturization of the present 
switch circuit arrangement. 
While the present invention has been described and 

illustrated with respect to specific embodiments thereof, 
it is to be understood that the present invention is by no 
means limited to such specific embodiments but in 
cludes and covers all changes and modifications which 
become possible within the scope of the appended 
claims. 
What is claimed is: 
1. A switch circuit arrangement comprising at least 

one display lamp comprising a light emission diode; at 
least one switch provided with a self-restore type 
switch contact; said display lamp and said switch being 
connected in series with each other; a drive circuit for 
driving said display lamp, said drive circuit being con 
nected in parallel between the connection point be 
tween said switch contact and said display lamp and the 
other end of said switch contact; a detector circuit com 
prising an IPL element and transistor provided at the 
input side thereof, the collector of the transistor being 
connected to the input terminal of said IPL element, said 
detector circuit being provided at the base thereof with 
potential variations resulting from the opening and clo 
sure of said switch, thereby detecting the actuation of 
the switch; and a memory circuit comprising an IL 
element for storing a control signal derived from said 
detector circuit, wherein said control signal is transmit 
ted to a controlled device as well as to said drive circuit, 
whereby said display lamp is lit and maintained in the lit 
State. 

2. A switch circuit arrangement according to claim 1, 
wherein there are arranged a number of switches each 
of which is associated with a switching circuit; when 
any desired one of said switches is turned on, the display 
lamp corresponding thereto is lit; and a reset signal is 
provided from the memory circuit associated with said 
turned-on switch to another switching circuit, whereby 
said display lamp is turned off. 

3. A switch circuit arrangement according to claim 1, 
wherein said memory circuit is constituted by a flip-flop 
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comprising first and second I2L elements, the input 
terminal of said first IPL element being connected to the 
output terminal of said second I2L element, a first out 
put terminal of said first IPL element being connected to 
the input terminal of said second I2L element, wherein 
a reset signal is inputted to the input terminal of said 
second IL element, and an output is derived from a 
second output terminal of said first I2L element. 10 
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8 
4. A switch circuit arrangement according to claim 1, 

wherein said switch is associated with a switching cir 
cuit; by actuating said switch, said display lamp is lit, 
and a control signal resulting from the actuation of said 
switch is stored in said memory circuit; and by actuat 
ing said switch again, a further control signal is obtained 
which in turn is inputted to said memory circuit to cause 
the output thereof to be reversed, thereby turning off 
said display lamp. 

ak k is : : 


